Autoradiography was used to visualise an internal radiation in the vibrissae of a wild masked palm civet (Paguma larvata) carcass found in a highly radioactive contamination area within 50 km from the Fukushima Dai-ichi Nuclear Power Plant accident site. Autoradiogram of the vibrissae revealed a higher density in the root than in the shaft showing a stripe pattern; the γ-ray spectrum of the vibrissae showed peaks of 134 Cs and 137 Cs. The radiocaesium taken into the body was responsible for its distribution into the vibrissae shaft during its growth. The stripe pattern indicated that internal radiation exposure was intermittent. This finding suggests that autoradiography of vibrissae is a suitable method for assessment of the history of internal radiation exposure in wild mammals, such as masked palm civet.
Introduction
The Fukushima Dai-ichi Nuclear Power Plant fallout contaminated the surrounded areas with high levels of radioactive materials. Contamination by 134 Cs and 137 Cs in the radioactive samples from livestock in Fukushima was reported after the accident (10) . Wild animals living in these areas may have radioactive internal contamination. Daily ingestion and metabolism should be considered in the case of chronic exposure. However, the history of internal radiation in wild animals cannot be determined on the basis of a single measurement. In humans, it has been reported that the history of exposure to chemical materials can be determined from hair analysis (1, 2, 9) . Consequently, the history of chronic radioactive internal contamination could be determined by autoradiography (ARG) of vibrissae (5) . Therefore, ARG of vibrissae was performed to evaluate the history of internal radiation in wild animals found in the area around the Fukushima Dai-ichi Nuclear Power Plant.
Material and Methods
Animal. The vibrissae of wild masked palm civet (Paguma larvata, male, total length 80 cm, body weight 4.0 kg), killed in an accident within 50 km from the Fukushima Dai-ichi Nuclear Power Plant, 7 months after the accident, were used. The sampling point is shown in Fig. 1 . The radiation dose was over 20 mSv/year in this area. Other vibrissae as a control were sampled from a carcass of the masked palm civet donated from Nogeyama Zoo (Yokohama, Japan) which served as an uncontaminated area.
Autoradiography study. Autoradiogram of three vibrissae of the animals was performed using an imaging plate (SR; Fujifilm, Japan) and the BAS-1800-II imaging system (Fujifilm, Japan).
Investigated and control vibrissae were exposed on the imaging plate for 34 d. The resolution of the imaging plate was 50 μm, and the photo stimulated luminescence density per square (PSL/mm 2 ) was measured from the profile curve of each autoradiogram. In addition, the length of each autoradiogram was measured and compared with the actual length of the hair shaft of the respective vibrissae.
Gamma-ray spectrum. The γ-ray spectrum (0.03-2.0 MeV) of vibrissae of the animals were measured using a Ge semiconductor detector (LB-GMX-30190-HJ; ORTEC, Advanced Measurement Technology Inc., U.S.A.) and the measurement time was 40 000 s. The profile curves of PSL/mm 2 in the sampled vibrissae were the highest in the region 30-35 mm from the skin surface expectation for hair root; they demonstrated a pattern of high density at intervals of 10-15 mm (Fig. 3) . The length of each autoradiogram was shorter than the actual shaft length (Table 1) . Fig. 4 presents that the γ-ray spectrum of the investigated vibrissae showed peaks of 134 Cs (0.605 MeV) and 137 Cs (0.662 MeV). The control vibrissae showed no peaks in the γ-ray spectrum. 
Discussion
It is known that Cs and K ions have the same biodistribution (10) . It is reported that K is included in hair of human (2) . Therefore, it is considered that Cs could be also included in animal hair. Radioactive potassium (4) . Therefore, it was considered that ARG of vibrissae showed internal contamination by 134 Cs and 137 Cs. In addition, a small amount of hair follicle cells might have been present on the hair roots. Because K enters the cells by the active transport system, Cs also enters the hair follicle cells, which explains why the hair roots were visualised by ARG. These results indicate that the investigated animal from the Fukushima area was chronically exposed to 134 Cs and 137 Cs. In addition, it was considered that the autoradiogram of the vibrissae recorded the history of internal radioactive contamination caused by exposure to radioactive materials associated with the nuclear fallout.
The growth rate of vibrissae has been determined to be 0.3-1.0 mm/d in mice (7), 0.33 mm/d in harbour seals (6) , and 0.2-0.5 mm/d in common brush-tailed possum (8) . It is supported by the fact that the sampled vibrissae (57-65 mm in ARG) grew 0.3 mm/d. It is consistent with internal radioactive contamination for 7 months from the date of the nuclear power plant accident to the date of death. The profile curves of PSL/mm 2 in the sampled vibrissae speculated that this sampled wild masked palm civet was affected by internal radiation with radioactive material every 30-50 d. Wild masked palm civets have been reported to move to multiple nests in the area of 0.3-0.7 km 2 . The variation in density of autoradiogram of the vibrissae reflects the difference of contamination of baits at the multiple nets. The peak pattern of PSL/mm 2 was that at the root side, which was higher than at the tip side of the hair shaft. Such an increase in PSL/mm 2 pattern indicates a wider diameter in the root side of vibrissae and/or a bigger intake of contaminated feed according to the animal growth.
Body counters have been used to measure internal radioactivity in humans, while detectors or survey meters to measure internal radioactivity in wild animals (3) . Being aware of the internal radiation history is crucial to understand the total dose of radioactive exposure, which cannot be detected by a single measurement. Our results imply that an autoradiogram of hair can be used to detect the history of internal radiation exposure.
